INTRODUCTION
============

In chicks, the development of the digestive system is much faster than the rest of the body immediately after hatch. The gastro-intestinal tract (GIT) is completely formed at the embryonic stage ([@b18-ajas-27-11-1593]), although it becomes fully functional within a few days after hatching ([@b23-ajas-27-11-1593]; [@b15-ajas-27-11-1593], [@b16-ajas-27-11-1593]). This post-hatch development is very important for future performance through efficient feed utilization and growth ([@b5-ajas-27-11-1593]). Therefore the provision of high quality nutrition to chicks in early life is necessary, to ensure the rapid development of the GIT and the rest of the body. Protein appears to be the most essential component of such nutrition, as it drives the initial intestinal development and muscle attachments in later phases ([@b8-ajas-27-11-1593]). The quality and therefore the source of such protein may be important. This was demonstrated by differences in growth performance of the birds on diets based on vegetable protein (VP) compared to animal protein (AP) diets ([@b10-ajas-27-11-1593]; [@b11-ajas-27-11-1593]).

It is generally assumed that no two protein sources are similar in characteristics. The pattern of digestibility, biological value, quality, physical or chemical structure or properties of protein sources vary widely between sources. These characteristics of individual protein ingredients may affect neonatal intestinal development and function, and thus subsequent performance of the broiler chickens. The interaction between dietary nutrients, intestinal growth, and digestive function is crucial during the post-hatch period ([@b32-ajas-27-11-1593]). Many things in addition to nutrient processing by the GIT determine the amounts of nutrients that are available to the birds for maintenance and growth. The efficiency of nutrient supply to the body would be dependent on dietary factors, including dietary energy and protein contents ([@b29-ajas-27-11-1593]). Feed management, feeding behaviour, diet preference or selection by the animal may also affect feed consumption and growth of the birds.

The ancestors of modern meat chickens lived in self-selecting feeding systems. Within this system of rearing, they have a choice or opportunity to select their own feed. There is a need to explore alternative strategies in which meat chickens are able to select an appropriate mixture from a wide variety of available feedstuffs or diets. Free-choice feeding can be adopted as an alternative to regular system to meet the nutrient needs of broilers. Most choice-feeding studies have shown that feed selection by birds is regulated firstly towards satisfaction of energy requirement for growth and development ([@b21-ajas-27-11-1593]; [@b20-ajas-27-11-1593]). Birds can select a balanced amount of amino acids, avoiding amino acid deficiency or amino acid toxicity ([@b25-ajas-27-11-1593]; [@b26-ajas-27-11-1593]), but they may fail to balance their amino acids or proteins when energy is the limiting factor in the diet. However, as feed is the most expensive of all the variable-cost inputs required for poultry production, a self-selection feeding regime may offer a potential beneficial effect for achieving optimum production through reduction in feed costs ([@b35-ajas-27-11-1593]). The objectives of this study were to assess the impact of stage at which VP or AP diets are introduced to young broiler chicks on subsequent growth and their preference for the two main VP sources, soybean and canola, used by the poultry industry.

MATERIALS AND METHODS
=====================

Two experiments were conducted simultaneously with a total of 240 day-old male broiler chicks (Cobb 500) from hatch to 21 days. In the main experiment, 210 chicks were assigned to five dietary groups i.e. AP, fed on AP diet from hatch to 21 days of age; AP-SBM and AP-CM, fed on AP for 7 days and then switched to diets with predominantly soybean meal (SBM) or canola meal (CM), respectively, as protein source; SBM-AP or CM-AP, fed on a diet with soybean or canola as main protein source for 7 days and then switched to AP diet. Details of these treatments are shown in [Table 1](#t1-ajas-27-11-1593){ref-type="table"}. Each diet group was replicated 6 times, 7 birds per replicate in a completely randomized design. A total of 30 brooder cages of similar size (42×75×25 cm) were set up on the floor to accommodate the chicks in a climate-controlled housing. Wood shaving was placed to a depth of 2 cm as litter material on the floor, which was replaced every week. The birds were brooded at 33°C for the first two days, and then the temperature was reduced gradually to 24°C at 19 days of age, and maintained at this level to the end of the experiment. Feed, in pellet form, and water were provided *ad libitum.*

Three experimental diets, coded as SBM, CM, and AP, were formulated with maize, wheat and vegetable oil as the main energy sources, along with soybean, canola, and fish meal as protein sources, in addition to other feedstuffs as shown in [Table 2](#t2-ajas-27-11-1593){ref-type="table"}. Diets SBM and CM were entirely vegetable-based, and contained soybean and canola meals as the main sources of proteins in a ratio of 3:1 to one another, whereas an AP diet contained soybean, canola and fish meals as protein sources in a 2:1:1 ratio along with other feedstuffs. These three basal diets (SBM, CM, and AP) were allocated alternately to the chicks as described in [Table 1](#t1-ajas-27-11-1593){ref-type="table"}. All diets were iso-caloric and iso-nitrogenous, and supplemented with carbohydrases and phytase enzymes (Danisco Animal Nutrition, Malborough, Wiltshire, UK), and Zinc Bacitracin. The birds were fed on the test diets from hatch to 21 days of age. Feed intake, body weight gain (BWG), and feed conversion ratio were assessed weekly. Mortality was also recorded when it occurred. Two birds from each replicate were randomly selected on day 21, weighed, and slaughtered by cervical dislocation, to measure the weight of visceral organs (small intestine, pancreas, liver, proventriculus, ventriculus or gizzard, spleen, bursa of Fabricius). In addition, tissue samples from the pancreas and the proximal region of the jejunum were also collected to assess the tissue protein content (pancreas and jejunum), and specific activities of digestive enzymes (chymotrypsin amidase, maltase, sucrase, alkaline phosphatise, and lipase). The right tibia bone was also collected at this time (21 d) from two birds, killed in a similar way, to measure the bone characteristics (weight, length, width, tibia ash content) and bone strength. All samples were pooled by pen and stored at −20°C until further processing for laboratory analyses.

Bone processing and enzyme analysis
-----------------------------------

The tibia bones were boiled for 10 minutes in deionized water, to remove all the soft tissue and defatted. Length and head width were measured using digital callipers (Mitutoyo, Kawasaki, Japan) and the weight was recorded. The bones were then placed horizontally between brackets set 10 mm apart, to measure the breaking strength. A 10 mm (diameter) compression rod (Lloyd, Hampshire, UK) was positioned and pressure was applied to the bones.

Digestive enzyme activities and protein concentrations were assessed on jejunal tissues after the samples were processed according to the method described by ([@b31-ajas-27-11-1593]) and modified for poultry ([@b16-ajas-27-11-1593]). The pancreatic tissue was processed in a similar way to the jejunal tissues, except that Milli-Q water (Millipore, North Ryde, NSW 2113, Australia) was used in lieu of buffer, and the entire organ was homogenized ([@b24-ajas-27-11-1593]; [@b16-ajas-27-11-1593]). The specific activities of jejeunal and pancreatic enzymes were assessed by incubation with fixed substrate concentrations as standardized for poultry ([@b16-ajas-27-11-1593]). Both jejunal and pancreatic tissue protein concentrations were measured according to the procedure described by ([@b2-ajas-27-11-1593]) using Comassie dye-binding. All the raw data for protein concentration were processed through the Lowry Software ([@b19-ajas-27-11-1593]) before statistical analysis.

Feed selection test
-------------------

A sub-group of 30 day-old male chicks of similar strain and initial weight as those in the main experiment were sub-divided into 6 cages (replicates), with five chicks per cage. All chicks were fed on a commercial diet until 7 days of age, then provided access to two VP (SBM and CM) diets in separate feeders from 8 to 21 days of age. Two feeders were placed side by side of one part of the pen to make easy preference for eating feeds. Feed intake from each feeder was calculated daily until the end of the experiment.

Animal ethics approval and statistical analysis
-----------------------------------------------

All animal care, handling and management of this experiment were approved by the Animal Ethics Committee of the University of New England, Australia (Approval No**:** AEC11/068), Australia. Statistical analyses were performed using Minitab software (2000). The data were subjected to one-way analyses of variance for completely randomized design and tested for significance between the dietary treatment means by Fisher's least significant difference at p≤0.05.

RESULTS
=======

Gross performance of broiler chickens on main experiment
--------------------------------------------------------

Apart from the first 7 days, dietary regime had no effect (p\>0.05) on feed intake (FI) when assessed from hatch to 14 or 21 days ([Table 3](#t3-ajas-27-11-1593){ref-type="table"}). Chicks in the CM-AP and AP dietary groups ate more (p\<0.05) than chicks in the other diet groups between hatch and 7 days. Up to 7 days, birds in the SBM-AP diet group gained the most (p\<0.001) weight, while birds on the CM-AP diet regime gained the least. From hatch to 14 days, birds on the SBM-AP regime gained the highest (p\<0.001) weight, while birds on the CM-AP regime gained the least. Body weight gain (BWG) in birds on the SBM-AP was similar to that of birds fed the AP diet to 14 days, but was significantly different (p\<0.001) from the other groups. Birds on the AP-CM regime had the best feed conversion ratio (FCR), while birds in the CM-AP group had the poorest FCR at 7 days. The FCR on SBM-AP diet plan was also better (p\<0.05) than on the AP-CM regime, the latter being the worst in FCR to 14 days. There were no significant differences (p\>0.05) in FI, BWG, FCR, and mortality between the groups when assessed between hatch and 21 days. Although chicks on SBM-AP diet group attained the highest BWG (960.7 g), the differences between the treatments were non-significant (p = 0.12) at the end of the trial period (21 d).

Gastro-intestinal development and digestive enzyme activities
-------------------------------------------------------------

The relative weight of visceral organs of chicks fed on the different plans to 21 days is shown in [Table 4](#t4-ajas-27-11-1593){ref-type="table"}. The weight of all the organs (small intestine, proventriculus, ventriculus or gizzard, pancreas, liver, spleen, and bursa of Fabricius) of birds was identical (p\>0.05) between treatments. The relative weight of the spleen was slightly higher (p\<0.08) in chicks on the AP-CM plan than in other groups. There was also no significant (p\>0.05) difference in tissue protein contents, or pancreatic and intestinal digestive enzymes activities between treatments ([Table 5](#t5-ajas-27-11-1593){ref-type="table"}).

Bone (tibia) development
------------------------

There were no significant (p\>0.05) differences in the various bone characteristics that were assessed ([Table 6](#t6-ajas-27-11-1593){ref-type="table"}). However, birds on the SBM-AP regime had the highest tibia ash content (1.20 mg), while the birds on the AP-SBM diet plan had the lowest tibia ash content (1.01 mg), but differences were not significant (p\>0.05) between treatments.

Feed selection
--------------

In the choice-feeding experiment, the birds ate more of the CM diet than the SBM diet from 8 to 14 days (p\<0.001) and from 15 to 21 days (p\<0.01) ([Figure 1](#f1-ajas-27-11-1593){ref-type="fig"}). From 8 to 14 days, the choice was 62.2% in favour of CM while from 15 to 21 days; selection was 58.42% for CM, and 41.58% for SBM, respectively.

DISCUSSION
==========

Gross responses of broiler chickens
-----------------------------------

The results demonstrated that birds on the different diet plans achieved similar body weight gain with identical FCR at 21 days, except during the early growing period (hatch to 14 d). The results revealed that the birds fed on the AP diet grew better than those that were fed solely on VP diets (SBM and CM) at the earlier stage of growth. These differences disappeared in the later period of growth, although the trial period (1 to 21 days) is still a period of rapid growth rate for broiler chickens.

The lack of differences in FI between the feeding regimes would suggest that broiler chicks ate to meet breed or genetic standards and will achieve these targets in FI, if the nutrient composition is ideal. The nature of the starting diets (AP or VP) did not seem to confer any advantage in the long term. Providing the VP and then AP diets enabled the birds to grow equally well, unlike what was observed in previous studies when they were raised on similar VP diets from hatch to 35 d ([@b11-ajas-27-11-1593]). Furthermore, the similarity in response of birds regardless of the protein source of the starter diet may be explained by the complementary effect of AP and VP diets for each treatment group. Most probably, chicks started on one diet and then transferred to another diet may undergo compensatory growth and still perform to the breed standard.

Gastro-intestinal development of broiler chickens on test diets
---------------------------------------------------------------

Morphometric measures of digestive organ development revealed no significant difference between the treatments. Gastro-intestinal development could be uniform due to similarity in body growth. The same response could apply to development of visceral organ development. These results agreed with those of previous researchers ([@b1-ajas-27-11-1593]; [@b33-ajas-27-11-1593]) who observed similar growth of digestive organs in broiler chicks on diets based on animal or VP ingredients. It is generally known that visceral organs associated with digestive function develop most rapidly in the first 7 to 10 days of life ([@b23-ajas-27-11-1593]; [@b15-ajas-27-11-1593],[@b16-ajas-27-11-1593]). However, how the nature of the starter diets influences this development has not been adequately studied.

The thymus, spleen and bursa of Fabricius are the main immune organs of the chicken. A higher spleen weight, but not the thymus or bursa observed herein, would suggest better ability to protect from infection ([@b17-ajas-27-11-1593]). Higher protein intake may result in increased spleen weight and improved immunity of the birds. The increased relative weight of the spleen may alter the development and promotion of immune function of the animal ([@b17-ajas-27-11-1593]), but this was not assessed in the current study.

Tissue protein growth and digestive enzyme activities
-----------------------------------------------------

There was no significant difference between treatments in terms of digestive enzyme function, or pancreatic and intestinal tissue protein contents of broiler chickens. This lack of differences may be responsible for the uniformity in growth, in spite of differences in feeding regimes. The current findings are similar to those of a previous study ([@b12-ajas-27-11-1593]), which reported no significant differences in the tissue protein content and endogenous enzyme activities in broiler chicks fed on all-vegetable diets with or without supplemental enzymes. However, there are no previous reports on the effect of VP diets on intestinal structure and function. Enzymes tend to respond to the presence of target substrates in the lumen of the intestine.

Bone development
----------------

In this study, broiler chicks on the different feeding regimes developed similar bone characteristics. This may be an outcome of the identical body growth. The results are in contrast to the findings of [@b11-ajas-27-11-1593], when similar diets were used throughout the test cycle. Amongst bone characteristics measured, total bone ash was found to be slightly higher in the SBM-AP group compared to other groups. The higher concentration of bone ash in this group of chickens may be a result of the numerically longer, heavier and wider bones of the birds. [@b11-ajas-27-11-1593] reported an increase in bone ash content in broiler chicks when they were fed on animal protein-containing diets, compared to those on vegetable diets. Animal protein sources such as fishmeal tend to contain high levels of minerals contents, and are devoid of phytic acid, the anti-nutritive factor that is responsible for binding minerals in plant protein sources.

Feed selection
--------------

The results demonstrated that birds preferred the CM diet when they were given a choice between the two VP diets in this study. Birds consumed 20 % more CM diet than the SBM diet. A similar trend was also observed in a previous study in an experiment on similar diets ([@b11-ajas-27-11-1593]), in which these diets were fed separately to different groups of birds. The reason for this preference for CM diet is not obvious, but feed selection is influenced by several factors, for example, nutrient requirements of individual birds, crude fibre content, chronological age, prior experience, feed composition, nutritive value, stage of production, physical and chemical properties of protein sources, amino acids, vitamins and minerals, and unidentified growth factors. Apart from these factors, sensory properties of food materials such as colour, smell, flavour, taste or palatability might also play a key role in feed selection of broiler chickens ([@b3-ajas-27-11-1593]). Addition of oil to CM diets might reduce the dustiness of the feeds and encourage higher feed intake. This supplementation of oil to CM diet might enhance the palatability of the feeds. Palatability of diets, metabolic and nutritional requirements might have a profound effect in dietary self-selection of birds ([@b7-ajas-27-11-1593]; [@b6-ajas-27-11-1593]). Furthermore, as is evidence from the formulation profile, the higher fibre content of CM diets perhaps induced slightly higher feed intake. Besides, higher feed consumption may be a result of faster growth rate of individual birds and the consequent higher nutritional requirements ([@b30-ajas-27-11-1593]).

The variability found in feed selection might reflect the individual variation in nutrient requirement, variation in the actual composition of the feeds or variation of the physical form of the test diets ([@b4-ajas-27-11-1593]). It appeared that all diets were similar in feed textures, and pelleted well by visual observation, despite these uniformity, some feeds may have poor quality. Some researchers showed that physical forms influence the feed selection ([@b28-ajas-27-11-1593]; [@b34-ajas-27-11-1593]).

Certain minerals such as Na, Cl, and Zn in the formulated diets might affect the feed consumption of birds by increasing the palatability of the given diets to the broiler chickens. Trace mineral (e.g. Zn and Cu) digestibility was found to be increased in the birds fed on CM diet compared to those fed on SBM diets ([@b12-ajas-27-11-1593]). The increased mineral digestibility of CM diet may slightly affect the feed consumption of birds, because trace minerals in association with enzymes play an active role in processes like digestion, absorption and assimilation of nutrients.

CONCLUSION
==========

Birds grew equally well regardless of the nature of the starter diet. This may be due to complementary supply of nutrients at different stages of growth. The preference of chicks for the CM diet warrants further investigation as this diet did not appear to be nutritionally better than SBM in terms of growth rate and feed efficiency.

The project was funded by University of the New England, Australia, and Danisco Animal Nutrition, UK, provided the enzymes.

![Feed selection by broilers on two VP diets (SBM; CM) from d 8--14, and d 15--21 in choice-fed experiment. VP, vegetable protein; SBM, soybean meal; CM, canola meal. ^a,b^ Means bearing uncommon superscript are significantly different at p\<0.001 from d 8--14, and at p\<0.01 from d 15--21 days.](ajas-27-11-1593f1){#f1-ajas-27-11-1593}

###### 

Feeding regimes adopted in the main experiment

  Treatment groups   Feed allocation by time (d)         
  ------------------ ----------------------------- ----- -----
  AP                 AP                            AP    AP
  SBM-AP             SBM                           AP    AP
  CM-AP              CM                            AP    AP
  AP-SBM             AP                            SBM   SBM
  AP-CM              AP                            CM    CM

AP, animal protein diet containing fish meal as a major part (50), along with soybean (25) and canola (25) meals; SBM, vegetable protein diet containing predominantly soybean meal (75) along with canola meal (25); CM, vegetable protein diet containing predominantly canola meal (75) and soybean meal (25).

###### 

Composition of diets fed the birds

                                                                           Diets           
  ------------------------------------------------------------------------ ------- ------- -------
  Ingredient composition (g/kg)                                                            
   Maize                                                                   406.6   363.6   420.4
   Wheat                                                                   211.0   181.7   209.6
   Vegetable oil                                                           0.0     21.7    0.0
   Soybean meal                                                            246.9   96.4    156.3
   Canola meal                                                             82.3    290     77.5
   Fish meal                                                               0.0     0.0     77.4
   Limestone                                                               20.1    14.6    16.2
   Dicalcium phosphate                                                     17.0    21.0    20.0
   DL-methionine                                                           2.0     1.7     1.4
   L-lysine                                                                1.7     1.2     2.0
   Sodium chloride                                                         3.5     4.0     4.0
   Vitamin-mineral premix[1](#tfn3-ajas-27-11-1593){ref-type="table-fn"}   2.2     2.2     2.2
   Choline chloride                                                        0.6     0.6     0.6
   Avizyme1502                                                             0.5     0.5     0.5
   PhyzymeXP                                                               0.1     0.1     0.1
   Sodium bicarbonate                                                      0.0     0.0     5.8
   Zinc bacitracin                                                         0.5     0.5     0.5
   Marker (TiO~2~)                                                         5.0     5.0     5.0
  Nutrient composition (g/kg)                                                              
   ME (MJ/kg)                                                              12.37   12.37   12.37
   Crude protein                                                           211.0   211.2   211.3
   Crude fibre                                                             31.0    36.0    28.3
   Ether extract                                                           24.0    28.1    29.5
   Calcium                                                                 12.2    12.2    12.3
   Available P                                                             6.1     6.2     6.3
   Sodium                                                                  2.0     2.0     2.2
   Chlorine                                                                2.5     2.7     2.7
   Lysine                                                                  13.0    13.0    13.3
   Methionine+cystine                                                      8.3     8.3     8.4
   Threonine                                                               8.3     8.4     8.4
   Arginine                                                                14.0    14.0    14.1

SBM, soybean meal; CM, canola meal; AP, animal protein.

Provided per kg of diet (mg): vitamin A (as all-trans retinol), 3.6 mg; cholecalciferol, 0.09 mg; vitamin E (as d-α-tocopherol), 44.7 mg; vitamin K~3~, 2 mg; thiamine, 2 mg; riboflavin, 6 mg; pyridoxine hydrochloride, 5 mg; vitamin B~12~, 0.2 mg; biotin, 0.1 mg; niacin, 50 mg; D-calcium pantothenate, 12 mg ; folic acid, 2 mg; Mn, 80 mg; Fe, 60 mg; Cu, 8 mg; I, 1 mg; Co, 0.3 mg; Mo, 1 mg.

###### 

Feed intake (FI), body weight gain (BWG), feed conversion ratio (FCR) and mortality of broilers from d1 to 21 days of age

                  Age (d)   AP                                                      SBM- AP                                                CM-AP                                                  AP-SBM                                                  AP-CM                                                   SEM
  --------------- --------- ------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------------ ------------------------------------------------------- ------------------------------------------------------- -------------
  FI (g/b)        1--7      180.8[ab](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   171.7[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   196.5[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   177.3[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    171.5[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    2.64\*
                  1--14     631.3                                                   631.6                                                  645.0                                                  623.8                                                   649.6                                                   5.31
                  1--21     1324.0                                                  1338.7                                                 1349.7                                                 1317.6                                                  1354.8                                                  8.55
  BWG (g/b)       1--7      161.8[bc](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   160.8[c](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   146.2[d](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   170.9[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    168.5[ab](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   1.10\*\*\*
                  1--14     523.3[ab](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   530.0[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   496.4[c](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   507.3[bc](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   498.0[c](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    2.60\*\*\*
                  1--21     916.7                                                   960.7                                                  902.5                                                  893.2                                                   896.3                                                   8.66
  FCR             1--7      1.12[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}     1.07[bc](#tfn6-ajas-27-11-1593){ref-type="table-fn"}   1.34[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    1.04[bc](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    1.02[c](#tfn6-ajas-27-11-1593){ref-type="table-fn"}     0.014\*\*\*
                  1--14     1.20[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}     1.19[b](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    1.30[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    1.23[ab](#tfn6-ajas-27-11-1593){ref-type="table-fn"}    1.30[a](#tfn6-ajas-27-11-1593){ref-type="table-fn"}     0.012\*
                  1--21     1.45                                                    1.40                                                   1.50                                                   1.48                                                    1.51                                                    0.014
  Mortality (%)   1--21     4.76                                                    2.36                                                   2.36                                                   2.36                                                    2.36                                                    1.126

AP, animal protein; SBM, soybean meal; CM, canola meal; SEM, pooled standard error of mean.

Each value represents the mean of 6 replicates consisting of 7 birds in each replicate cage from d1--21 days.

Means bearing uncommon superscripts within a row are significantly different at \* p\<0.05 and \*\*\* p\<0.001.

###### 

Relative weight of visceral organs (g/100 g of body weight) of broiler chickens at different feeding plans at 21 days

                                                                          AP     SBM-AP   CM-AP   AP-SBM   AP-CM   SEM
  ----------------------------------------------------------------------- ------ -------- ------- -------- ------- -------
  Small intestine[1](#tfn9-ajas-27-11-1593){ref-type="table-fn"}          4.8    4.9      5.3     4.9      5.9     0.18
  Proventriculus+gizzard[2](#tfn9-ajas-27-11-1593){ref-type="table-fn"}   3.4    3.5      4.0     3.7      3.6     0.13
  Pancreas                                                                0.26   0.25     0.30    0.29     0.32    0.008
  Liver                                                                   3.6    3.4      3.8     3.7      3.8     0.10
  Spleen                                                                  0.09   0.09     0.07    0.07     0.11    0.005
  Bursa of fabricius                                                      0.14   0.15     0.13    0.13     0.13    0.008

AP, animal protein; SBM, soybean meal; CM, canola meal; SEM, pooled standard error of mean.

Each value represents the mean of 6 replicates of 7 birds each replicate cage at 21 days.

Organs (small intestine, proventriculus plus gizzard) were weighed with contents.

p\>0.05, Non-significant.

###### 

Tissue protein and enzyme activities of broiler chicks at 21 days of age on different feeding regimes

                                                                         AP     SBM- AP   CM-AP   AP-SBM   AP-CM   SEM
  ---------------------------------------------------------------------- ------ --------- ------- -------- ------- -------
  Pancreatic protein (mg/g)                                              46.0   32.0      33.0    37.4     46.7    2.44
  Chymotrypsin amidase[1](#tfn13-ajas-27-11-1593){ref-type="table-fn"}   3.4    5.8       4.4     4.2      4.0     0.28
  Jejunal protein (mg/g)                                                 30.0   33.0      36.6    35.2     36.0    1.52
  Maltase (ηmol/mg)                                                      0.62   0.58      0.48    0.47     0.52    0.027
  Sucrase (ηmol/mg)                                                      0.13   0.13      0.14    0.12     0.13    0.006
  Alkaline phosphatase[2](#tfn14-ajas-27-11-1593){ref-type="table-fn"}   3.6    3.0       3.0     3.1      4.3     0.24
  Lipase[3](#tfn15-ajas-27-11-1593){ref-type="table-fn"}                 2.97   2.92      3.84    3.76     2.64    0.247

AP, animal protein; SBM, soybean meal; CM, canola meal; SEM, pooled standard error of mean.

Data represent means of six replicates at 21 days of age.

Chymotrypsin amidase (ηmol/mg protein).

Alkaline phosphatase.

Pancreatic lipase (μmol/min/mg protein).

###### 

Bone (tibia) characteristics of broiler chickens from different feeding regimes at 21 days of age

                                      AP     SBM-AP   CM-AP   AP-SBM   AP-CM   SEM
  ----------------------------------- ------ -------- ------- -------- ------- -------
  Length of bone (mm)                 63.3   65.8     64.5    64.8     65.4    0.58
  Weight of bone (g/kg body weight)   4.3    4.5      4.4     4.5      4.2     0.06
  Width of bone (mm)                  9.3    10.0     9.4     9.1      9.2     0.11
  Breaking strength (kg/g bone)       4.4    4.1      4.2     3.8      3.7     0.10
  Total tibia ash (mg/g bone)         1.08   1.20     1.07    1.01     1.03    0.020

AP, animal protein; SBM, soybean meal; CM, canola meal; SEM, pooled standard error of mean.

Length and width are measured in millimetres per bone per bird basis; data represent means of two chickens from six replicate groups at 21 days of age.

[^1]: School of Environmental and Rural Science, University of New England, Armidale, NSW 2351, Australia
